In patients who become hypertensive as a result of pregnancy, there are marked individual patterns. These different groups show patients with elevated levels of cardiac output, patients with a pure elevation of systemic vascular resistance, and a third group in which there is elevation of both resistance and output.
Introduction
The physiological responses of the central maternal circulation to pregnancy, labour and Caesarean section have been investigated by a number of workers and have been reviewed by the author previously (Lees, Scott and Kerr, 1970 ; Lees et al., 1967a, b; . An understanding of these changes has resulted in a more fundamental awareness of the changes which can occur in patients who develop hypertension as a result of becoming pregnant. Most of the observed changes in terms of physiological response can now be largely explained on a rational basis, but those changes which occur as a result of pregnancy hypertension are still exceedingly difficult to explain on account of the fact that the aetiology of this syndrome is still unclear.
Patients and methods
The methods which have been used to determine pressure and flow have previously been outlined in detail (Lees et al., 1967a, b 
Results
The data for the normotensive and hypertensive groups which were studied are given in The physiological changes which occur in the primigravid patient in response to pregnancy have been outlined in detail previously (Lees et al., 1967a (Lees et al., , b, 1968 (Lees et al., , 1970 (Lees et al., 1968) . These studies have shown variable rises in cardiac output of up to 80-90% following delivery, and that these rises are extremely abrupt.
For many years it has been accepted that systemic arterial hypertensive diseases are associated in general with an increase in systemic vascular resistance. However, in recent years it has become more clear that there are various types of arterial hypertension and these may be associated with different haemodynamic patterns. Widimsky (Widimsky, Fejfarova and Fejfar, 1957) was the first to show that in mild, early essential hypertension and in juvenile hypertension there was a raised cardiac output. Widimsky showed furthermore, that this raised output state was not maintained when the patients with juvenile hypertension were followed-up despite the fact that they were still hypertensive. Therefore, it would seem that the elevation in output is probably just a phase in the development of hypertension rather than being causative in the eventual development of hypertension. Such findings of a hyperkinetic circulation with raised cardiac output have also been described in association with acute glomerular nephritis (de Fazio et al., 1959) and with renovascular hypertensive states (Widimsky et al., 1957; Frohlich et al., 1968; Tarazi et al., 1969; Ulrychs et al., 1969) .
In the initial assessment of the pregnant hypertensive group, the main findings pointed to a raised systemic vascular resistance. However, within this group were 2 patients in whom there were elevations of cardiac output despite the fact that they had levels of heart rate which were within the normotensive range for the last trimester of pregnancy. In 4 patients in whom pulmonary arterial pressures were monitored in addition to the other parameters, it is clear that there were quite different forms of haemodynamic response. In one, there was an elevated cardiac output as a result of a very elevated heart rate. In another, with elevated cardiac output, heart rate was within normal limits, and yet in a third, there was elevated systemic pressure which resulted from a raised output and raised vascular resistance. In terms of pulmonary arterial pressure in these 4 patients, the levels of pressure were not significantly raised above levels which have been reported previously for the third trimester of pregnancy (Werko, 1950; Bader et al., 1955) . Cardio-pulmonary blood volume levels showed values minimally raised above the normotensive group.
It therefore seems that there are a number of different and conflicting underlying patho-physiological patterns in association with pregnancy hypertension. The likely explanation for these differences is almost certainly on account of different aetiologies. The alterations which may occur in the pulmonary circulation are clearly conflicting. Werko (1950) and Bader et al (1955) demonstrated that pulmonary arterial pressure in hypertensives showed similar values to normotensives except where there was severe pre-eclampsia when there was an increased pulmonary resistance. Littler et al. (1973) first suggested that there may be a low-grade process of intravascular coagulation occurring in the pulmonary arterioles which might explain this finding.
The control of the central circulation depends upon the interaction of a vast number of very finely adjusted systems. Central haemodynamic measurements are coarse but essential guides to the further understanding of complex alterations in the central circulation of pregnant hypertensive patients, the underlying causation of which remains to be defined.
